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[57] ABSTRACT 

A method of and system for defming and photograph- 
ing computer graphic images involves using photo- 
graphic exposure adaptor (PXA) circuitry, providing 
an interface between a computer having a CPU and a . 
film printer. The interface circuitry includes a £3g^ 
register. A cathode ray tube controller is operatively 
arranged to provide address, vertical synchronization 
and horizontal synchronization signals when an image is 
being displayed on a CRT in the film printer. A dis play 
random access memory array is operatively arranged to 
be filled with pixel data under control of the CPU. 
When anim age is to be displayed, control of the array 
is given to the controll er. A multiplexer selects address - 
ing lines to the array aispiay random access memory 
data buffer enables output from the array to be placed 
on the internal data bus. An exposure mapping table is 
operatively arranged to be accessed by either the CPU 
or the controller. An address multiplexer supplies ad- . 
dresses from either output from the array or from an 
internal address bus on which appears output from the 
system interface. A bidirectioni exposure mapping 
table data buffer allows locations in the mapping table 
to be read by the CPU. Output from the table is fed to 
a pixel shift register which generates video data. The 
system is used to carry out methods whch allow color 
resolution to be exchanged for spatial resolution, difTer- 
ent resolutions to be achieved and image storage re- 
quirements made to depend on exposure time. 
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the vertical rcsoludon of a display with an "interlaced" 

METHOD OF AND SYSTEM FOR COMPUTER image; an example of this known technique is disclosed 

GRAPHIC PHOTOGRAPHY m U.S. Pat. No. 4,482,919 entitled "Apparatus for Ob- 
scuring . Blank Spaces Between Raster Lines and Hard 

BACKGROUND OF THE INVENTION 5 Copies Made from Screen CRT* of Lawrence E. Al- 

1. Field of the Invention ®^ ^- granted Nov. 13, 1984. When an image is 
The invention relates generally to a method of and interlaced in accordance with this known technique, 

system for defining and photographing computer two fields are required to display the entire image. The 

graphic images, including color images. More particu- firs^ field displays all of the even scan lines and the 

lariy, the present mvention relates to a method of and an second field displays all of the odd scan lines. Two 

apparatus for defining and photographing computer vertical scans, then, are required to display the entire 

graphic colored images wherein an exposure mapping image.. A disadvantage of tiiis approach is that it may, 

table may be used to exchange color resolution for cause an objectionable ''flicker** in the display. For this 

spatial resolution and/or different vertical resolutions reason, graphics devices have either used a two field 

may be achieved and/or image storage requirement interlace as described above or none at all. 

may be made to depend on exposure time. The known gr^hics apparatuses of the type dis- 

2. The Prior Art closed in the Letters Patent of Alston et al., supra, do 
In U.S. Pat. No. 4,536,848, entiticd "Method and not provide the capability to specify naore than two 

Apparatus for Colored Computer Graphic Photogra- fields in an image. The image is either not interlaced or 
phy" of Alice M. d'Entremont et al., granted Aug. 20, 20 fs interlaced as a two-field image, a distinct shortcoming 
1985, there is disclosed a method of and apparatus for and disadvantage whoi such devices are used in con- 
makmg and photographing computer graphic colored junction witii fibn printers and high resolution is de- 
images by defining each computer graphic colored ^ed. 

image as a plurality of constant color pixel groups. One Of interest as general background information in the 
of a preselected number of colors is as^gned to each 25 fiej^ of making and photographing computer graphics 
pixd group and aphotosensitive matenal is exposed to colored hnages is U.S. Pat No. 4,488,244 of William T. 
each constant color pixel group in a predetennmed preeman entitied "Computer Graphic System with 
ordered sequence and cK)lor The photosensitive mate- Foreground/Background Discrimination*' and granted 
riid IS constituted by a fihn, Ac expM^ ^1 j^^^ Letters Patent of FreemaCsupra 

via respective red green and blue filters mounted on a 30 ^^^^^^^^^ ^^^^ ^^^^^ 

rotatable wheel. Images from a black-and-white cath- ^ u- • ^ & J i i-*. r * i 

ode ray tube are projected onto tiie fihn via the filters. ef^P^*= ^^^^^ ^ a plurahty of constant color 

The known meth^ involves the steps of first defining P«^^ f^f^ general bac^ound mterest is a 

ami storing witiiin a computer memory the graphic ajyaratjis m which video signal are 

image to be photographed as a pluraUty of constant 35 fonverted mto a number of two-level bnghtness distn- 
color pixel groups. The time during which selected ^'^^^'^ on^ the screen of ^ CKT Such a method and 
photosensitive material must be exposed to a selected apparatus is disclosed m U.S. Pat No. 4,438,453 of 
Ught color intensity for each of the constant color pixel Lawrence E. Alston entitied "Constant Light Greys- 
groups is next determined. The determined exposure ^ Generator for CRT Color Camera System** 
times are then ordered for each of the constant color 40 granted Mar- 20, 1984. 

pixel groups into either a progressively increasing or architecture of a conventional graphics control- 

decreasing sequence. Each of tiic constant color pixel ^^r without a color lookup table is illustrated in FIG. 
groups are thereafter visually displayed at the selected Each display memory location corresponds to one 

light color and intensity for its determined exposure pixel and contams the RGB display values of that pixel, 
time to the photosensitive material. The visual display 45 ^ ^ *ypc architecture there is a memory location 
may start with the first of the constant color pixel each pixel that is displayed, and the contents of this 

groups in the ordered sequence and thereafter add each memory location contain the red, green and blue (RGB) 
succeeding constant color pixel group m the ordered color levels which should appear on the display. For 
sequence to the visual display so as to finally display all example, a display adapter available under the designa- 
of the constant color pixel groups simultaneously in the 50 tion Targa TM 16 from American Telephone and Tele- 
ordered sequence when the ordered sequence involves graph Company, which utilizes this conventional archi- 
progressively decreasing exposure times. Alternatively, tecture, stores two bytes of information for each pixel, 
the visual display may start by simultaneously display- This approach allows five bits for each primary color 
ing all the constant color pixel groups in the ordered and hence 32 levels for each primary color. This type of 
sequence and thereafter eliminating from the visual SS architecture has serious drawbacks for the type of algo- 
display each succeeding constant color pixel group in rithms used in practicing the present invention. The 
the ordered sequence so as to finally display only the major difficulty is the amount of time required to mod- 
last of the constant color pixel groups in the ordered ify all pixels of a given color ^ce the whole display 
sequence when the ordered sequence involves progres- memory needs to be searched for the required pixels, 
sively increasing exposure times. 60 A conventional lookup table architecture is illus- 

The apparatus and method disclosed in the Letters trated in FIG. 8B. Each display memory location corr&- 
Patent of d'Entremont, et al. supra, is limited in flexibil- sponds to one pixel and contains an index into a table, 
ity. Color and horizontal spatial resolution are fixed. The index selects which of the RGB values in the table 
Vertical resolution also is fixed for any given single film will be displayed for a given pixel. Again, there is a 
recorder. Image storage requirements depend on the 65 memory location for each pixel which is display; how- 
number of exposure levels. ever, in this case, the contents of this memory location 

Cathode ray tube (CRT) graphics apparatuses have contain an index into a color lookup table. The contents , 
used a technique, well known in the art, for increasing of this lookup table indicate the color that is to be dis- 
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played. A typical example of this type of architecture is lutions. Step (3) in conjunction with step (10) allows a 
the display adaptor available under the designation tradeoff between color resolution and spatial resolution. 
VDA/D from American Telephone and Telegraph In the case in which the number of desired color 
Company. In this known adaptor one byte is allocated levels per pixel will not fit in the PXA memory allo- 
to each pixel, giving 256 passible indices into the lookup 3 cated for each pixel in a field, the present invention in its 
table. The 256 entries in the lookup table each contain method aspect is achieved by a twenty-step method, 
two bytes, allowing five bits for each primary color. If fourteen of the steps corresponding to steps in the 
the memory contents for a given pixel contain the num- above-noted sixteen-step method, 
ber 1 19, for example, then the color on the display for In the case in which ^e image storage requirement is 
that pixel is deterinined by RGB values in entry 119 of 10 to be made to depend on exposure time, the present 
the color lookup table. It is easy to modify all pixels of invention in its method aspect is achieved by a twenty- 
a given color. To change all pixels with index 119 for one step method, seventeen of the steps corresponding 
example, it is only necessary to change the contents of to steps in the above-noted twenty-step method, 
entry 119 in the color lookup table. While more suitable, It is to be understood that the above-noted summa- 
this approach does not utilize exposure mapping table 15 rized methods can be modified to apply to black-and- 
architecture, as does the present invention. white or single color computer graphic photography 

« T,x* .T^t™ T«.nrT3VT^i^i^r ^ essence, eliminating the color separating related 

SUMMARY OF THE INVENTION ^ eliminating the repeating of the steps so that 

An object of the present invention is to provide a they are not applied separately for each primary color, 
method of and a system for color computer graphic 20 In its system aspect, the present invention can be seen 
photography in which image color resolution may be as being composed of acomputer, such as an IBM- 
traded for spatial resolution. PC tm , -XT tm , -AT tSS'or the Wc which includes a 

Another object of the present invention is to provide central processing unit (CPU), a film printer which 
a method of and system for computer graphic photogra- includes a cathode ray tube (CRT), such as a Poia- 
phy in which different resolution images can be pro- 25 roid ® computer image recorder sold uiider the desig- 
duced on a given, single fibn recorder. nation *Talette", and modified to accept RGB input in 

An additional object of the present invention is to the case it is to be used for carrying out colored photog- 
provide a method of and a system for computer graphic raphy and a photographic exposure adaptor (PXA) 
photography in which storage requirements depend on which may be composed of circuit components 
maximum exiposurc time instead of the number of expo- 30 mounted on a circuit board dimensioned and configured 
sure levels. so that it may be fit into a full-length expansion slot in an 

A further object of the present invention is to provide IBM computer or the like. The PXA includes, in accor- 
an exposure adapting circuit as an interface between a dance with the present invention, a system interface 
computer and a film recorder and which, with the com- provided to effect communication between the CPU 
puter and film recorder, may constitute an exemplary 35 bus and other components of the photographic expo- 
system in accordance with the present invention and sure adaptor. A six bit data latch, which is under pro- 
which may be used in carrying out the method thereof. gram control by the CPU,.i sj)i:otfiriff d .asji.pag e registeiL 

In its method aspect from one vantage point, the ^age Rejaste r)^Acathode ray tube controller (CRTQ 
present invention is achieved by a sixteen-step method is operatively arranged to provide address, vertical 
of colored computer graphic photography involving (1) 40 synchronization (VSYNC) and horizontal synchroniza- 
extracting a color component of an input image, (2) tion (HS YNC) signals when an image is being displayed 
dividing the color component into a plurality of inter- on the CRT in the film printer. A synchronization delay 
laced fields, (3) transforming each field into a photo- (SYNC delay) is provided for delaying the VSYNC 
graphic exposure adaptor (PXA) format and storing the signal to achieve fine control over the vertical position 
formatted field in a memory of the PXA, and (4) turning 45 of the image on the CRT of the image recorder. A 
the filter wheel of a film printer. The fourth step is display random access memory array (DRAM Array) is 
followed by (5) setting each level of an ensure m^- operatively arranged to be fOled with pixel data umder 
ping table (^IT) respectively to off or on, (6) turning control of the CPU. When an image is to be photo- 
on a cathode ray tube (CRT) in the film printer, (7) graphed, control of the DRAM Array is given to the 
setting variable current color level (CLEVEL) respec- 50 CRTC. A DRAM multiplexer (DRAM MUX) is pro- 
tivdy to the highest or lowest color level of the ex- vided to select addressing lines to the DRAM Array. A 
tracted color component, (8) determining number of display random access memory data buffer (DRAM 
exposure frames (NFRAMBS) for all pixels in all fields Data Buffer) is provided to enable output from the 
of the. CLEVEL from a lookup table, and (9) waiting DRAM Array to be placed on the internal data bus of 
for a video signal vertical synchronization (VSYNC) 55 the PXA. An exposure mapping table (EMT) consti- 
btanldng period: Thereafter, the method involves (10) tuted by a 256 X 4 bit memory is operatively arranged to 
updating the EMT respectively to display or turn off. be accessed by cither the CPU or the CRTC An EMT 
pixels of the CLEVEL, (11) displaying each field of the address multiplexer (EMT Addr MUX) supplies ad- 
image for one frame in an interlaced manner, (12) re- dresses from either output from the DRAM Array or 
peating step (11) until each field has been exposed 60 firom an internal address bus on which appears output 
NFRAMES, and (13) respectively decrementing or fi-om the system interface. A bidirectional exposure 
incrementing the CLEVEL. Subsequently, the method mapping table data buffer (EMT Data Buffer) allows 
mvolves (14) repeating steps (8)-(13) until the locations in the EMT to be read by the CPU. Output 
CLEVEL reaches respectively the lowest or highest from the EMT is fed to a pixel shift register (Pixel Shift 
color level, (15) turning off the CRT of the film printer, 65 Register) which generates video data The video data is 
and (16) repeating steps (1)-K13) for each other primary fed to video drivers, which also receive HSYNC and 
color. Step (2) in conjunction with step (1 1) allows the VSYNC signals from the CRTC via the HSYNC delay, 
system to handle hnages having different vertical reso- The video drivers provide VSYNC, HSYNC and video 
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signals to the film printer, an image recorder as noted 
above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features that are considered characteristic S 
of the invention are set forth with particularity in the 
appended claims. The invention itself, however, both as 
to its organization and its method of operation, together 
with other objects and advantages thereof is to be un- 
derstood from the following description of illustrative 10 
embodiments, when read in coAjunction with the ac- 
companying drawings wherein: 

FIG. 1 is a pictorial representation of a realized sys- 
tem for defining and photographing color computer 
graphic images showing the interconnection between a 15 
commercially available IBM-XT computer and a com- 
mercially available computer image recorder available 
from Polaroid Corporation under the name 'Talette" 
but modified to accept RGB inputs which may be used 
in practicing the present invention; 20 

FIG. 2 is a block diagram of an exemplary preferred 
embodiment of a system for defining and photographing 
colored computer graphic images in accordance with 
the present invention; 

FIG. 3 is a simplified, block diagram of circuitry 25 being capable of supporting software, and being opera- 
constituting a photographic exposure adaptor (PXA) tively associated with the keyboard 38 and the monitor 
which can be used in the system illustrated in FIGS. 1 39. The computer includes additionally in accordance 
and 2; with the present invention, photographic exposure 

FIG. 4 is a block diagram of a first exemplary flow- adaptor (PXA) circuitry 29 which is preferably 
chart of a series of steps for defining and photographing 30 mounted on the circuit board (FIG. 1). The PXA dr- 



coupled to the camera back 32 for remote camera con- 
trol. A multilead cable 35 provides communication 
between the image recorder 31 and circuitry of a photo- 
graphic exposure adaptor (PXA) which, as illustrated, 
is constituted by circuitry 29 on a circuit board 36. The 
circuit board 36, on which the circuitry 29 of the PXA 
is fixed, is so dimensioned and so shaped that it is posi- 
tionable in a conventional full length expansion slot of a 
computer 37, shown for purpose of illustration as an 
IBM-XT computer, the board being broken away from 
the computer for purpose of illustration. A conven- 
tional keyboard 38 and color monitor 39 are provided, 
the keyboard being connected to the computer 37 by a 
conventional flexible cable 40. The keyboard 38, the 
color monitor 39 and the flexible cable 40, as illustrated, 
are conunerciaUy available units which may be obtained 
from the International Business Machines Corporation. 

The exemplary system for defining and photograph- 
ing color computer graphic images, shown pictorially 
in FIG. l,.is illustrated diagranunatically in FIG. 2, the 
image recorder 31 being set out as a dashed-line block. 
The computer 37 (FIG. 1) is shown diagrammatically in 
FIG. 2 as being comprised of floppy and hard disks 37a 
and a central processing unit (CPU) 376, the computer 



a graphic image which arc to be implemented in practic- 
ing the method of the present invention, for trading 
image color resolution for spatial resolution using an 
exposure mapping table; 



cuitry 29 includes input/output (I/O) circuitry 42, an 
image display random access memory (DRAM) 42 
which may be constituted by a. DRAM Array 42, an 
exposure mapping table (EMT) 43 and- video circuitry 



FIGS. 5A and 5B taken together constitutes a block 35 45. Computer software illustrated diagrammatically as 



diagram of a second exemplary flowchart for a series of 
steps for defimng and photographing a graphic image 
wMch are to be implemented in practicing the method 
of the present invention through the use of an exposure 



computer program flowcharts 44a and exposure time 
lookup table 44b is supported by the CPU 376. A more 
detailed block diagram of the circuitry consisting of the 
PXA circuitry 29 of FIG. 2 is illustrated in FIG. 3, 



mapping table and in which input fields are split into a 40 which is to bie discussed in detail hereinbelow. 



plurality of PXA memory fields; 

FIGS. 6A and 6B taken together constitutes a block 
diagram of a third exemplary flowchart for a series of 
steps for defining and photographing a graphic image 
which are to be implemented in practicing the method 45 
of the present invention through the use of an exposure 
mapping table and in which color levels are translated 
to exposure times; and 

HG. 7 is an exemplary exposure time lookup table 



The computer is interfaced with the image recorder 
31 via the PXA circuitry 29 which, as illustrated, feeds 
video signals, including synchronization signals, to 
video circuitry 46 within the image recorder 31, this 
circuitry, in turn, providing output signals to a cathode 
ray tube (CRT) beam drive 47. The output from the 
CRT beam drive 47 is directed, to a black-and-white 
cathode ray tube 48 having a display screen 49 over- 
lapped by a rotatably mounted filter wheel 50. The filter 



which is to be used in practicing the methods respec- 50 wheel 50 carries respective primary red (R), green (G), 



tively illustrated in FIGS. 4^ 5A, SB, and 6A, 6B. 

FIGS. 8A-8C are respectively diagrammatic show- 
ings of the use of direct color-mapping architecture, 
color-lookup table architecture and exposure mapping 
table architecture, FIG. 8C being particularly pertinent 
to the present invention. 



and blue (B) light filters, each one of which is positioned 
and arranged to be selectively moved into overlying 
relationship with respect to the display screen 49 by an 
electric motor drive 31^ The light from the display 
55 screen 49 is transmitted in timed sequence through se- 
lective ones of the red, green and blue filters on the 
filter wheel 50 to a lens 52 from which it is imaged on 
the surface of a photosensitive material, shown as film 
53. The film 53 is in fact contained within the camera 
As illustrated in FIG. 1, an exemplary, realized sys- 60 back 32 (FIG. 1). As wiU be readily understood, the 



DETAILED DESCRIPTIGN OF THE 
PREFERRED EMBODIMENTS 



tern for defining and photographing colored computer 
graphic images which can be used in practicing the 
present invention is designated generally by the nu- 
meral 30. A computer image recorder 31 which may be 
a modified computer image recorder, such as a film 65 
printer sold under the name **Palette" by Polaroid Cor- 
poration, is provided with a conventional camera back 
32. If desired, an automatic film advance driver 33 is 



CRT 48, the filter wheel 50, the lens 52, and the fdm 
photosensitive material are all boused in a suitable light- 
tight chamber (not shown in the drawing). The motor 
drive 51, in turn, is controlled by a motor control 54, 
which receives output control signals from filter wheel 
control circuitry on the PXA circuitry 29 on the circuit 
board 36. Information signals are exchanged between 
the computer and the image recorder 31 via the PXA 



'08/06/2002, EAST Version: 1.03.0002 



4,855,940 

7 8 

circuitry 29 on the circuit board 36, these signals pro- FIG. 1). The VSYNC signal also drives an interrupt line 

viding information as to current conditions (on or off) in the system interface so that the CPU can determine 

of the CRT 48, current podtion of the filter wheel 50, when the video signal vertical blanking interval occurs, 

signal conditions on the PXA and the like. The capacity The DRAM Array 60 is preferably a one megabyte 

to exchange these information signals is indicat^ dia- 5 array of memory. The CPU fills the DRAM Array 60 

grammatically by a dashed line 55. with pixel data of an image. After the image has been 

It is to be understood that the interconnections pro- built by the CPU, control of the DRAM Array 60 is 

vided by the connections illustrated by the dashed line given to the CRTC 58 so that the image can be dis- 

55 and the output to the motor control 54 could be played. The DRAM Array 60 comprises, as noted, a 
pipvideddirectly from the CPU 37*. In some cases, the 10 display memory having preferably a one megabyte 

computer and the image recorder 31 could be advanta- memory which contains the image being exposed, lliis 

geously housed within a single housing. memory is not organized in a manner where the CPU 

The PXA circuitry 29 on the circuit board 36 OFIGS. and the CRTC 58 can utilize it simultaneously. A con- 

1, 2) is illustrated m considerable detail in FIG. 3 as a trol line selects which of these units has control ("own- 
simplified block diagram, showing the interconnection IS ership") of this memory at any particular time. Each 

of the tnajoT components of the PXA circuitry 29. Tnn- byte in the memory corresponds to a low resolution 

ing control signals nd buses for such signals are not pixel. Pixels in the DRAM Array 60 are displayed from 

illustrated in order to keep the diagram as simple as the upper left comer of the display to the lower right 

possible, the timing and operating sequience being clear comer. The first location of the display is programma- 
from the flowcharts shown in FIGS. 4<, 5A, 5B and 6A, 20 ble. The memory lines are interleaved in a manner 

6B and discussed in detail hereinbelow. which allows the CRTC 58 to access the entire DRAM 

As illustrated in FIG. 3, the preferred PXA circuitry Array 60. T he memo ry is divided ^into_l28JtjUbAife^ 

includes, in accordance with the present invention, a blocks. For a onft^S gapytC'S^d^S 

system interface 56 which contains buffers between the From the p^ gective of the CPU^interleaved scan lines cjs? ^ A ^-CL^ 
computer system bus from the CPU and internal data 25 ofpMetsrare placed in diKerentoncs of4he^fiP>ESGlSr 

and address bus constituted by eight lines. It also con- Each l ocati^^^Tfie DRAM Array 60 contains an 

tains circuitry for decoding I/O and memory read/- cight-bf! Taiye_^icg ^ret ^^:ja exposure 

write requests from the CPU. The system interface 56 is ma roing jGjjjjB^^ 

coupled to the data input (DI) of a display random lie DRAM"!S^UX 61 selects the source of the ad- 
access memory array (DRAM Array) 60 via the eight- 30 dressing lines to the DRAM Array 60. When the CPU 
line internal data bus. The system interface 56 is simi- is reading or writing data to the DRAM Array 60, the 
larly coupled to a page register (Page Register) 57, a lower 14 bits of addressing are selected from the inter- 
cathode ray tube controller (CRTQ 58 and a synchro- nal addr^ bus and the upper six bits of addressing are 
nization delay (SYNC Delay) circuit 59. The vertical selected from the Page Register 57. When an image is 
synchronizing signal generated by the CRTC 58 is de- 35 bemg displayed, 20 bits of addressing are selected from 
layed in the VSYNC delay circuit 59 by a programmed the CRTC 58. 

amount of time in order to have a fine control over the When the CPU reads.data from the DRAM Array 60, 

vertical position of the image on the CRT of the image a DRAM data buffer (DRAM Data Buffer) 62 will 

recorder. enable output from the DRAM Array to be placed onto 

The Page Register 57 is a six bit data latch which can 40 the internal data bus. 

be set under program control by the CPU. The output Data output from the DRAM Array 60 is fed to the 

of this latch serves as the high-six address bits to the EMT 64 via an exposure mapping table address multi- 

DRAM Array 60 whenever the CPU performs a read plexer (EMT Addr MUX) 63. The EMT Addr MUX 63 

or write to the DRAM Array, this being supplied via a functions to provide addresses to the EMT 64 from a 

twenty-line DRAM multiplexer (DRAM MUX) 61. 45 selected one of two sources. When the CPU is reading 

The system interface 56 also supplies address signals to or writing the EMT 64, the low eight address lines of 

the address input of the DRAM Array 60, via an ad- the Internal Address Bus are selected. When an image is 

dress bus and the DRAM MUX 61. being displayed, the output of the DRAM Array 60 is 

The CRTC 58 provides the address to the DRAM selected. 
Array 60, via the DRAM MUX 61, and the vertical and 50 The EMT 64 is a 256-lpcation by four-bit memory 
horizontal synchronization signals VSYNC and device which can be accessed by either the CPU or the 
HSYNC when an image is being displayed on the CRT CRTC 58. A control bit indicates which unit has owner- 
of the image recorder. The CRTC circuitry 58 and 59 ship of the EMT 64. When the CPU has ownership, the 
includes two LSI devices, a Motorola 684S CRT con- display will be blanked. Typically, the CPU will take 
troller chip 58 and an Intel 8254 timer 59. The 6845 55 ownership of the EMT 64 during vertical retrace, up- 
CRT controller generates addresses for the DRAM date the contents of the memory, and give the owner- 
Array to display an image, as well as horizontal and ship back to the CRTC 58. The actual horizontal resolu- 
vertical synchronization signals. The 6845 CRT con- tion of the PXA circuitry illustrated in FIG. 3 is 2048 
troller lacks some capability, in defining fine times for pixels in the 512 line mode or 2560 pixels in 640 line 
the horizontal and vertical sync positions. The 82S4 60 mode. Each location of the EMT 64 corresponds to 
timer provides these capabilities, the horizontal and . four adjacent bit^ the least significant bit is. the first (left 
vertical synchronization signals being fed into the 8254 most) pixel, the most significant bit is the fourth (right 
timer so that timing can be defined under program con- most) pixel. When reading or writing to the EMT 64, 
trol. Before any exposures occur, both of these devices the upper four-bits of the byte which is written are 
must be initialized. The HSYNC delay is programmed 65 ignored. 

before an exposure begins and remains constant during An exposure mapping table data buffer (EMT Data 

an exposure. Outputs from the 8254 timer are fed to the Buffer) 65 is provided, this buffer being a bidirectional 

video drives 67 and thence to the image recorder (31, buffer and is enabled when the CPU reads or writes the 
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EMT 64. This allows locations in the EMT 64 to be set 
or read by the CPU. 

When an image is being displayed, the output of the 
EMT 64 is presented to a pixel shift register (Pixel Shift 
Register) 66 which serializes the £MT 64 data to gener- 
ate video data, which is supplied to video drivers 
(Video Drivers) 67 which buffer the video signal, the 
VSYNC and the HSYNC signals, and outputs these 
signals to the CRT of the image recorder. 

Axchitecture for Exposure Mapping Table 

The system and method under discussion is a combi- 
natios of computer hardware and software, the latter 
being illustrated in the form of three computer program 
flowcharts of FIOS. 4, 5A, SB and 6A, 6B; taken with 13 
the exposure rimff lookup table of FIG. 7. In carrying 
out the present invention, use is made of exposure noap- 
ping table architecture shown in FIG. 8C, which is to 
be compared with more conventional known ap- 
proaches illustrated in FIGS, 
discussed above. 

The novel e)q>osure mapping table architecture for 
the photographic exposure adaptor of the present in- 
vention is illustrated in FIG. 8C. As can be seen this 
architecture is closely related to the color lookup table 25 
architecture (FIG. 8B). The main difference is that the 
color lookup table output (FIG, SB) is the color of a 
given pixel; whereas, the exposure mapping table out- 
put (FIG. 8G) contains the "color" for up to four output 
pixels, in accordance with the present invention. Since 30 
the photographic exposure adaptor of the present in- 
vention drives the internal digital CRT of die film re- 
corder, there are only two possible colors for each 
pixel, namely on or off. Hence only a single bit of output 
information is required to determine the state of the 35 
digital CRT for a given pixel. Thus the four output bits 
of the exposure mapping table may correspond to up to 
four pixels on the digital CRT. 

The significance of the architecture of the exposure 
mapping table is that it allows for images of different 40 entries of the form 16*x+ IS. Recalling from FIG. 8C 
horizontal resolutions by trading color level for line 
resolution. The basic algorithm can be considered as 
being implemented using the PXA as indicated herein- 
below, then modification of the algorithm to handle a 
higher resolution image is to be considered. 

First suppose one wishes to expose an image having a 
resolution of 512x2C)0. Suppose further that the input 
image has 256 levels of each primary color and that 
color separation has already been achieved. One then 
loads the red separation into the memory on the PXA 
circuit board with one byte (eight bits) corresponding 
to each pixel. One next initializes the exposure mapping 
table so that all entries are 0, that is off, rotates the red 
filter on the filter wheel into position, and turns on the 
internal screen of the CRT in the film recorder. Since 55 
aU of the exposure mapping table entries are 0 no image 
appears on the CRT of the film recorder which is con- 
nected to the PXA. One then turns on level 255 of the 
image by turning on all four bits in entry 255 of the 



have been completed. The same process is done for the 
green and blue color separations. Note that this imple-. 
mentation is efficient because once a color separation is 
loaded into the PXA memory, the display memory does 
not have to be accessed fbrther. Only the exposure 
mapping table has to be periodically updated . This 
algorithm can be implemented in a traditional color- 
map architecture because conc^tually all four bits in 
the e3q)osure mapping table correspond to a single pixel 
in the image. 

Now suppose that one wishes to expose an image 
with resolution of 1024 X 200, i.e. this image has twice as 
many pixels horizontally as in the previous example. 
Suppose also that one has only 16 levels of each primary 
color instead of 256. As in the previous case, one loads 
the red separation into the PXA memory, only this time 
one packs the pixel information so that each byte in the 
PXA memory corresponds to two pixels. The left (resp. 
right) four bits of the byte will correspond to the left 
8A and 8B which are 20 (resp. right) pixel of each pair. Note here that one is 
using the assumption that there are only 16 levels of 
each primary color because this means that four bits are 
sufQcient to express the 16 distinct levels. Agam one 
'initializes the exposure mapping table to all O's and turns 
on the CRT of the film recorder. At this point one 
wants to turn on all pixels in the image that have red 
level 15. One uses the notation (x,y) to represent the 
packed pixel, information in the PXA memory where x 
and y are numbers between 0 and 15. For example, 
consider that (5,12) represents a pixel pair where the left 
pixel has red level 5 and the right pixel red level 12. 
Note that the actual value stored in the PXA memory 
for such a pair is 92= 16*5 -h 12, and in general the value 
stored in memory for the pixel pair (x,y) is 16*x+y. 
Thus exposure mapping entry number 16*x+y corre- 
sponds to the pixel pair (x,y). It should now be clear that 
to turn on all pixels that have red level 15 one needs to 
turn on the left pixel for all exposure mapping entries of 
the form 16*15+yf aud the right pixel for all exposure 



43 



50 



that the exposure mapping output consists of four bits 
corresponding to four on/off decisions, in the previous 
example, all four bits corresponded to a single pixel. In 
this example one lets the left two bits correspond to the 
left pixel of a pair, and the right two bits correspond to 
the right pixel of a pair. Thus one sets all color table 
entries of the form 1 6* 1 5 -H y to ( 1 , 1 ,0,0) Le. left pixel on, 
and all color table entries of the form 16*x4:15 to 
(0,0,1,1), i.e. right pixel on, [Entry 16*15+15 is set to 
(1,1,1,1)» Le. both pixels on.] After waiting the appropri- 
ate exposure time, one has to turn on all pixels with red 
level 14, and the process is completely analogous to the 
discussion of level 15. This process is repeated for levels 
down to 1 and thereafter for the green and blue separa- 
tions^ . 

The key comparison in the above examples is that one 
has traded color resolution, Le. 16 levels versus 256 
levels per primary color for spatial resolution, i.e. 1024 
pixels per line versus 5 12 pixels per line. Because imple- 
exposure mapping table, using a counter to keep track 60 mentation has four output bits per exposure mapping 



of how long this level gets exposed. The counter keeps 
track of the number of frames of exposure by counting 
occurrences of the VSYNC signal. When tie correct 
amount of time is reached, all four bits in entry 254 of 
the exposure mapping table are turned on. Now both 65 
levels 255 and 254 are being exposed. Again, a counter 
is used to keep track of the exposure time. One contin- 
ues in this manner until all 255 non-zero exposure levels 



table, one can do one further such trade-off and get 2048 
pixels per line with four levels per primary color. This 
trade-off is made possible by the exposure mapping 
table architecture (FIG. 8C). 

Basic Photographic Exposure Flowchart 

FIG. 4 constituting a block diagram of a flowchart, 
presents an overview of the method steps (including 
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generic steps) performed by the system during the pro- 
cessing of a single input image, in accordance with the 
instant invention. One of the fundamental aspects of the 
system and method is cs^ability to handle images of 
different resolutions. As discussed below the details of 
some of the generic steps d^>end on the resolution of 
the input image. 

Step (1) begins with an input image and con^sts of 
extracting a color component of an input image. The 
spatial resolution of an image is generally expressed as 
the number of horizontal pixels by the number of verti- 
cal lines. Typical examples arc 640X400 and 1024X 800. 
Associated with each pixel in the image are red, green, 
and blue color levels. The color levels for each primary 
color generally range between zero and some mnnimuTn 
value with zero representing no color or black. Typical 
numbers for this mflTiTmim value are 31 or 255. A sys- 
tem with 32 color levels for each primary color is capa- 
ble of representmg 32,768 different colors (32 X 32x32 
colors); In step (1) the color levels for each primary 20 
color are extracted. Conceptually, one has three sepa- 
rate images, one with the red levds for each pixel, one 
with the green levels and one with the blue levels. Steps 
(2)-(15) apply separately to each of these color compo- 
nent images. 

Step (2) depends on both the vertical resolution of the 
input image and on the vertical resolution of the CRT in 
the film printer and consists of dividing the color com- 
ponent into a plurality of interlaced fields. The object of 
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PXA miemory width depends on the memory clocking 
frequency. In the preferred embodiment, each memory 
location consists of one byte and the memory width can 
be set to either 512 or 640 bytes of memory. Consider 
first the simplest case in which the horizonUd resolution 
of the input image is equal to the selected memory 
width. In this case one location in the PXA memory 
corresponds to a single input pixel The value stored in 
each memory location is simply the color level of the 
input image pixel corresponding to that location. Since 
each memory location is one byte, the input image color 
separation per pixd may contain up to 256 levels in this 
case. 

A second case occurs when the horizontal resolution 
of the ihpnt nnage is twice that of the selected memory 
width. In this case each meniory location corresponds 
to two mput pixels. The memory location is divided into 
two equal parts. The color level for the left pixel of the 
pair is then stored in the high part of the memory loca- 
tion and the color level for the right pixel is then stored 
in the low part of the memory location. In the preferred 
embodiment one-half a byte of PXA memory corre- 
sponds to each pixel and thus only 16 color levels are . 
available for each color separation. In the preferred 
embodiment the horizontal resolution of the image may 
also be four times the selected PXA memory width in 
which case only one-quarter byte of PXA memory 
corresponds to each input pixel; In general j if the £MT 
has width 2**N bits, then the horizontal resolution of 



this step is to divide the input image into fields that can 30 the input image can be 1,2,4, * . . , or 2**N times the 



be displayed on the CRT. This step in conjunction with 
step (1 1) allows the system to hancUe images with differ- 
ent vertical resolutions. The simplest and most usual 
case occurs when the resolution of the input image is an 
exact multiple of the CRT resolution. For example, if 35 
the CRT has a resolution of 200 lines and the input 
image is 1024 X 800, then the input image can be divided 
into four fields (4=800/200), each of 200 lines. Further- 
more, one wants these fields to be interlaced. In the 800 



selected PXA memory width. In the preferred embodi- 
ment the width of the EMT is 4 bits. 

Step (4) consists of turning the filter wheel of the film 
printer. In step (4) the filter wheel is turned to the posi- 
tion corresponding to the color separation currently 
being processed. 

Step (5) consists of setting each level of the EMT 
respectively either to OFF or ON. In step (5) all levels 
of the EMT are either set to OFF or ON, depending on 



line example just considered, the first field would con- 40 whether one wishes to expose the constant color pixel 



tain every fourth line of the input image beginning with 
line 1; the second field would contain every fourth line 
of the input image beginning with line 2; and so on up to 
the fourth field. In general, if there are N fields then the 
ith field contains every Nth line beginning with line i. It 45 
is also possible to divide the input image into fields even 
if the resolution of the image is not a multiple of the 
CRT resolution. For example, suppose the CRT resolu- 



groups in an ordered sequence ending up with all ex- 
posed or in an order sequence ending up only with the 
last of the color groups being exposed, llie two possible 
sequences correspond to those disclosed in the Letters 
Patent '848 of d'Entremont et al., supra. 

Step (6) involves turning ON the film printer internal 
CRT. Note that step (5) assures that the image displayed 
on the CRT is completely black at this point 
Step (7) consists of setting variable current color level 



tion is 200 lines and the image vertical resolution is 700 

lines. Noting that 1400 is the least common multiple of SO (CLEVEL) to the highest color level of the extracted 

200 and 700, one expands the input image to 1400 lines color component. In step (7) a counter that keeps track 

by interlacing blank lines between the given 700 lines of of the current color level is initialized to the highest 

the image. Conceptually, one has a 1400 line image hi color level. 

which every other line is blank. This 1400 line image is Step (8) consists of determining the number of expo- 

now an even multiple of the CRT resolution and can be 55 sure frames (NFRAMES) for all pixels in all fields of 



divided mto seven fields as described above. 

Step (3) depends on the horizontal resolution of the 
input image and consists of transforming each field into 
a format and storing the formatted field in a memory of 
the PXA. It is step (3) in coigunction with step (10) that 60 
allows the tradeoff between color resolution and spatial 
resolution. The object of this step is to transfer the fields 
of the input image into the PXA memory in a form that 
can be utilized by the EMT and the video circuitry of 
the PXA. A certain number of PXA memory locations 65 
correspond to a single line displayed on the internal 
CRT of the film printer. This number can be considered 
to be the PXA memory width. The exact value of the 



CLEVEL. In step (8) a lookup table (FIO. 7) is ac- 
cessed to determine the number of frames to expose the 
CLEVEL before turning on pixels of the next lower 
level. The value obtained depends on both the 
CLEVEL and the current color separation. Each field 
of the color separation is exposed for the determined 
number of frames. In the preferred embodiment it takes 
l/60th of a second to display each frame so that, this 
number represents a number of .60ths of a second of 
exposure. 

Step (9) consists of waiting for a video signal vertical 
synchronization (VSYNC) blanking period. In step (9) 
the system waits for the video signal vertical blaxilcing 
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interval. During this interval the film printer CRT is to zero, step (14) determines that the current color sepa- 

blank and any changes to the EMT will not take effect ration e]^}osure b: complete. 

until the beginning of the next frame. In the preferred Step (15) involves turning off the CRT of the fibii 

embodiment the VSYNC signal triggers a hardware printer In step ( 1 5) the film printer CRT is turned off to 

interrupt to indicate the start of the vertical blanking 5 terminate the exposure process for one color separation. 

p^Q(j, Step (16) involves repeating steps (1M15) for each 

Step (10) consists of updating the EMT respectively other primary color. As indicated in step (IQ, the pro- 

eithertodisplay or tgm off pixels of the CLEVEL. Step cess defined by steps {1)-(15) is repeated for each color 

(10) depends on the horizontal resolution of the input separation. 

image, and the only difficulty is determining how to 10 It is to be appreciated that in accordance vnUi a sa- 

tum on every pixel of the CLEVEL. The simplest case lie^t feature of the present invention, the step (2) of 

occurs >*^cn the horizontal resolution is equal Xo the dividing the color component into a phirality of inter- 

selected PXA memory width. In this case every mem- ^^<^ fields in conjunction with the step (11) of display- 

cry location corresponding to a pixel with color level . each field of the image forgone frame in an interlaced 

CLEVEL will simply contain the number CLEVEL. matter aUows the system to handle unages having dif- 

Thus updating the EMT (the architecture of which is ferent verttcal Tesolutions. 

illustrate in FIG. 8C and discussed hereinabove) in this ^t is also to be understood th^x another sahent feature 

case shnply means changing aU the bits in location ^ present mvendon can be seen m the conjunction 

CLEVEL of the EMT fr^ OFF to ON. A more com- <?> ^^/ep (10). In tins case tradeoff 

plicated case occurs when tiie input image horizontal ^0 b^t^e^ co^or resolution and si^tml resolution is 

1 *: %. - J DVA t^AAtu T« achicvcd m the method by the step (3) of transfonmng 

Denote by^x.y) the ^berob^^^^ u^tSgTe EM^ ^'d^^^^ 

v^ue X m tiie upper half and y ^^^^^^^f ^f^^ 25 ^In modified form, the method illustrated in FIG. 4 

PXAmemoi7 K^tion. (As described herem above th^ be used in black and white and in single color 

upper half of a PXA memory location correspo^^ to photography. In essence, the modified method 

tiie left pixel of a pair and the lower half tolhe nght ? ^ ^ ^^^^J eliminating tiie color separating 

pixel of a pair.) RecaU tiiat for each such number of the ^^j^^^^ ^^^^^ separation) and 

form (x,y) there IS a corresp entry m the EMT. 30 the elimination of the repeating steps during which each 

The left: hatf of each EMT entry corresponding to a ^mary color is separately exposed, 
number of the form (CLEVEL.X), where X is arbitrary, 

has to be turned ON. In the preferred embodiment in Generating Multifield Images 

which tiie EMT is four bits wide, this means tiiat the left ^RT graphics devices have used a technique, well 

two bits of entries of the form (CLEVEL,x) have to be 35 i^own in the art, for increasing tiie vertical resolution 

turned ON. Similarly, tiie right half of each EMT entry . ^ display with an "interlaced" image. When an image 

correq>onding to a number of the form (x,CLEVEL) interlaced in accordance with the known technique, 

has to be turned ON. All other entries in the EMT f^^i^ ^re required to display the entire image. The 

remain unchanged. Note tiial the term left-most bits geij displays all of tiie even scan lines and the 

corresponds to tiiose bits of tiie EMT tiiat are clocked 40 second field displays all of tiie odd scan lines. Conse- 

first to tiie video output circuitry. Similarly, tiie right- quently. two vertical scans are required to display the 

most bits are clocked last to tiie video output circuitry. entire image. When a CRT device is used to expose 

The case in which tiie horizontal resolution of the input images on fihn, tiie image **flicker", which is related to 

image is more tiian twice tiie selected PXA memory the persistence of tiie phosphor of tiie CRT, is not a 

width is handled similarly. 45 design criteria and it is desirable to be able to increase 

Step (11) involves displaying each field of tiie image the vertical resolution by interlacing any number of 

for one frame in an interlaced manner. In step (1 1) each fields. It is also desirable to dictate the number of fields 

field of the image is displayed for one frame. In the in the image under software control, 

preferred embodiment a frame lasts l/60th of a second. Current graphics control devices do not provide the 

A hardware interrupt signal to the CPU indicates the 50 ability to specify more than two fields in an image. (The 

beginning of the video signal vertical blanking period. image is not interlaced or is interlaced with two fields.) 

During the video signal vertical blanking period, the External circuitry on the PXA board in accordance 

portion of PXA memory selected for display on the with the present invention provides a means for modify- 

CRT of the film printer is switched from one field to the ing the vertical synchronization pulse from the CRT 

next The: PXA video circuitry is capable of generating 55 controller device in order to interlace any number of 

fine control of the vertical interlace factor. More details fields. 

are provided bdow. To generate a stable image on a CRT device, a stable 
Step (12) consists of repeating step (1.1) .until each vertical synchronization frequency is required. Con- 
field has been exposed NFRAMES. Step (12) indicates sider the case where each field of an image is composed 
that step (11) is repeated until each field has had the 60 of200 scan lines and the total vertical rate is the equiva- 
required amount of exposure. • lent of 262 scan lines (this is the timing specified by the 
Step (13) consists respectively of either decrementing NTSC standard for television). When two fields are 
or incrementing CLEVEL in accordance with the set- used to provide an effective vertical resolution of 400 
ting of step (7); In step (13) the CLEVEL counter is lines (fields at 200 lines each), the vertical synchroniza- .. 
decremented indicating that exposure for the color level 65 tion . frequency, which must be constant^ is set to 262i 
is complete. scan lines. 

Step (14) consists of repeating steps (8)-(13) until The CRT controller device on the PXA circuit board . 

CLEVEL equals zero. When CLEVEL counts down is not able to delay the vertical synchronization pulses 
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for an arbitrary fraction of the horizontal scan. It does, ated with that pixeL In the preferred embodiment this 
howeveri provide the capability to program the total means that one pixel of the input image corresponds to 
vertical rate in equivalent scan lines. Circuitry has been one PXA memory location, llie second difference con- 
added to delay the vertical synchronization signal cems the way the EMT is updated in step (10) of FIO. 
which is generated by die CRTC The delay time is 3 4 to display all pixels with current color level 
programmable. In order to generate a vertical synchro- (CLEVBL) of a given primary color. Recall that each 
nization signal which will display N interlaced fieldSp pixel value is an index into a color map, and that the 
both the CRTC and the delay circuit are reprogrammed color map entry contains the color level for the given 
during every vertical synchronization blanking period. primary color. Hius one searches through the indices of 
To display N interlaced fields, the vertical scan rate lo color map to locate every entry whose color Icvd 
must be the equivalent of 262 1/N horizontal scan lines. the given primary is equal to CLEVEL. The EMT 

During each vertical synchronization blanldng paiod, corresponding to each such index is turned ON. 

an algorithm is used to modify the total votical rate Yo^vc to be 

(VTarAL)andtheS«^S5mc^ turned on in order to display all pixels with the given 

(VSDELAY) of ^ CRTC An mitial comlition is that 15 rfmary color level equal to CLEVEL. To do this in a 
the field number (mDNUM) is zero N being the num- ^^^^ the software needs to create a local copy 

of tli updated EMT while waiting for the vertic^d 
^m^Sn v<5^?^^^^ blanking interval. When the vertical blanking interval 

set FLDNUM to 0, set VSDELAY to 0 and set VTO- occurs, tiie local copy of the EMT is copied to the 
TAL to 263. If the answer is NO. mcrement 20 1' pya 

FLDNUM, VSDELAY equaling [(FLDNUM+l)- ^ ""f ^^^^"^^ 

•horizontal scan line timcj^^VTOTAL equaling contmues as descnbed previously. 

262. * Multiple Pass Exposing Flowchart 

As an example, for a four field image, the values of « u * * • ttt^o -a j i- 

VSDELAY and VTOTAL on successive vertical syn- 25 flowchart set out m FIGS. 5A and SB apphes 

chronization blanking intervals would be: prmcxpaUy to the situation m which the number of de- 

sired color levels per pixel will not fit mto the PXA 
memory alloca^d for each pixel in a field. For purposes 
of illustration assume that the horizontal resolution of 
the input image is twice that of the selected PXA mem- 
ory width. In the preferred embodiment this means that 
in each PXA field, one-half a byte is allocated per pixel 
so that 16 different values can be stored per pixel in each 
fiield. In the basic exposing flowchart (FIG. 4), each 
33 color component would be restricted to 16 color levels. 
The difference in tiie vertical scan total is always 262 i Assume if ^lis^ that the input image has 31 levels 
^Qg3 instead of 16. The techmque described m the flowchart 

set out in FIGS. 5 A and 5B involves splitting each input 
Color-mapped Variation of Basic Responsive field into two PXA memory fields as described below. 

Flowchart ^ Steps (1) and (2) are the same as in the basic photo- 

The previous discussion of FIG. 4 addressed the most graphic exposing flowchart (FIG. 4). 
straight forward metiiod for exposing an RGB input Step (3) mvolves determmmg the number F of PXA 
image in which associated with each pixel are red, memory fields per input field. Step (3) is carried out as 
green, and blue color levels. In this s^rtion a first varia- letting L equal the number of color levels in the 

tion of EMT usage is discussed 45 ^o^or component, letting N equal the number of levels 

The first variation in the use of the EMT is illustrated expressible per pixel in the PXA memory and F equals 
by the exposure method for a medium resolution color (L - 1)/(N- 1); and if (L - 1)/(N- 1) is not an integer, 
mapped image. In such an image, each pixel value is an round F up to the next highest number. Step (3) deter- 
index into a color table. Each entry in the color table mines how many PXA memory fields will correspond 
contains an RGB value which indicates the color level 50 to each input color component field. Assume for this 
for each primary color. This representation allows a discussion that L=31 and in the preferred embodiment 
greater palette of possible colors for a given size of the N = 16. Hence the number of PXA memory fields per 
pixel map. For example consider an input image where input field is given by F= 30/15 =2. This means that for 
each pixel is represented with one byte. In such an each input field it will take two fields in the PXA mem- 
image each pixel can take on one out of 256 possible 55 ory to express all 31 color levels, 
values and the corresponding color map will have 256 Stpp (4) involves dividing each input field into F 
entries. Each ofthese entries might be one byte wide for PXA memory fields. Step (4) determines how each 
each primary color allowing 56 levels for each primary . input color separation field is split into PXA memory 
color. More than 16 million colors are possible in such fields. In the example under consideration there are two 
an architecture, although only 256 of these colors can 60 PXA memory fields for each input field. Any pixel in 
be displayed in a single image. the input field with color level i between 1 and 15 is 

The exposure method for a color mapped image dif- mapped to value i in the first PXA memory field. Pixels 
fers in two ways firom the RGB exposure method iUus- with color value 0 or color value 16 to 30 are all 
trated on FIG. 4. First, it is not necessary to perform a mapped to value 0 in the first PXA memory field. Thus 
color separation of the input image. One simply copies 65 the first PXA memory field contains the low colpr 
the input image to the PXA memory. To do this one levels of the input field. In the second PXA memory 
needs an input image in which the index value associ- field all input pixels with color value i between 16 and 
ated with a pixel will fit into the PXA memory associ- 30 are mapped to value i-15. Note that the value i-15 
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will be between 1 and 15 and hence will fit in the PXA 
memory associated with a single pixel. All pixels with 
color level between 0 and 15 are mapped to value 0. 
Thus ihc second PXA memory field contams the high 
color levels of the input field, la general in the jth PXA 
memory fields and pixel with level i between 
(j-l)*^-l)+l and j*(N-l) is mapped to 
i— 0 — 1), while all other pixels are mapped to 0. 

Steps (5) to (7) are the same as steps (4)-(6) in the 
basic photographic exposmg flowchart (FIG. 4). 

Step (8) involves setting current field (CURFIELD) 
to 1. In step (8) the variable CURFIELD is mitialized to 
1. When exposing the image one first works with PXA 
memory field 1 for each interlaced field m the color 
separation. A second pass is then required to expose 
PXA memory field 2 for each interlaced field. In the 
current example this means that all pixels with low 
color levels are exposed on the first pass while pixels 
with high color levels are exposed in the second pass. 
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color has 32 levels mstead of 16, and restrict one's atten- 
tion to the red color separation. The obvious strategy 
for phnting this image is to treat the image in multiple 
passes as discussed above. Note, however, that only 
fifteen (15) levels besides off can be exposed per pass so 
three passes are required. It should also be clear that the 
number of passes required will go up roughly linearly 
with the number of color levels; An increase in the 
number of levels leads to an exorbitant increase , in 
passes and hence exposure times, a distinct shortcoming 
overcome by the embodiment iUustrated in FIGS. 6A, 
6B. 

The novel approach to the problem discussed in the 
previous paragraph as illustrated in FIGS. 6A, 6B in- 
volves translating the color levels into exposure times. 
For convenience suppose that these exposure times are 
normalized to a scale between 0 and 255 so that the 
exposure time can be expressed in one byte of memory. 
Once again one processes the image in two passes. In 



Step (9) is the same as step (7) in the basic photo* 20 the first pass one processes the lower four bits of the 
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graphic exposing flowchart (FIO. 4). 

Step (10) involves using entry (CUR- 
FIELD- 1)*(N-1)+CLEVEL of lookup table in 
FIG. 7 to determme how many frames of exposure are 
required for pixels with value CLEVEL in the CUR- 25 
FIELD PXA memory field corresponding to each 
input field. This step is similar to step (8) in the basic 
photographic exposing flowchart (FIG. 4) except that it 
is necessary to factor in the current PXA memory field 
In the example in pass 1 when CURFIELD equals 1, 
NF£L\MES will be set to the value in entry CLEVEL 
of the lookup table in FIG. 7 while on pass 2 when 
CURFIELD equals 2, NFRAMES will be set to the 
value m entry 15-l-CLEVEL. 

Steps (11) to (16) are the same as steps (9) to (14) m ^5 
the basic photographic exposing flowchart (FIG. 4) 
except that in this case one works with the CURFIELD 
PXA memory field corresponding to each input field. 

Steps (17) and (18) indicate that steps (10) to (17) 
needed to be repeated for all PXA memory fields 40 

Steps (19) and (20) are the same as steps (15) and (16) 
in the basic photographic exposing flowchart (FIG. 4). 

As in the method illustrated in FIG. 4, the method 
illustrated in FIGS. 5 A, SB can, in modified form, be 
used in smgle color and in black and white photogra- 45 
phy. In essence, the modified method mvolves essen- 
tially the elimination of the color separation related step 
(or making only one color separation) and eliminating 
the repeating of the steps during which each primary 
color is separately opposed. 

Exposure Time Binary Expansion 

As indicated above, the previous discussion ad- 
dressed the most straight forward method for exposing 
an RGB input image in which image color resolution is 
traded for spatial resolution through use of an exposure 
mapping table. In this section, a second variation is 
discussed which allows image storage requirements to 
depend on maximum exposure time rather than the 



exposure time. These bits indicate how many exposure 
time units each pixel should be exposed in this pass. 
Thus, once level 15 pixels have been turned on one 
waits one time unit before turning on level 14 pixels. 
Similarly, one waits one more time unit before turning 
on level 13 pixels, and so on. The second pass is handled 
similarly except that one considers the upper four bits of 
the exposure time and now waits 16 time units before 
turning on the next level. It is easy to calculate that after 
two passes each pixel will have been exposed for the 
required number of time units. 

As can be seen the flowchart of FIGS, 6A and 6B is 
similar to the multiple pass flowchart of FIGS. 5A and 
SB. Again consider the case in which the horizontal 
resolution of the input image is twice the selected mem- 
ory width Rather than assume that the input image has 
31 levels, in this discussion assume that the maximum 
exposure time can be expressed in one PXA memory 
location. In the preferred embodiment this means that at 
most 255 frames of exposure are required for any color 
level. This again allows the exposure to take place in 
two passes. The flowchart of FIGS. 6A, 6B is written so 
that more than 255 exposure frames can be handled, but 
then additional exposure passes are required. 

This novel approach consists essentially of a binary 
expansion of exposure times. The main advantage 
gained is that the number of color separations mcreases 
as the logarithm of the maximum exposure time and is 
mdependent of the number of color levels in the input 
image. The binary expansion algorithum allows the 
image storage requirements to depend on maximum 
exposure time rather than on the number of exposure 
levels. Thus high-color, high^patial resolution images 
can be created in reasonable processing times by com- 
bining this binary exposure algorithm with the exposure 
mapping capability of the PXA as described above. 

It is to be understood that the exposure time binary 
expansion method illustrated in FIGS. 6A, 6B can be 
used m single color and in black and white computer 
number of exposure levels. An algorithm is presented 60 graphic photography in a modified form. In essence, the 
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that minimizes the difficulties in the loss of color resolu- 
tion for high spatial resolution images, in accordance 
with the third exemplary embodiment of the present 
invention, as illustrated in the flowchart set out in 
FIGS. 6A, 6B. 

Consider first the example in which a 1024x 200 
image is to be printed on film. This image might be one 
field of a 1024 X 800 image. Suppose that each primary 



modified method simply mvolves eliminating the color 
separating related steps (or separating only one color) 
and eliminating the repeating of the steps which result 
in separate eiqjosures for each primary color. 
63 Software programs can readily be written for carry- 
ing out die methods illustrated in FIGS. 4^ 5A, SB and 
6A, 6B. Assembly or C languages can be employed. 
Overlay software, as well as documentation therefor, is 
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made available by Polaroid Corporation under the title mapping table respectively to display or turn off pixels 

'•Professional Exposure Ad^tor (PXA) Software Vcr- of current color level, and (e) repeating steps (aHd) for 

sion 2.0". each other primary color. 

A number of achievements may be realized in the 5. A method of colored computer graphic photogra- 
application of the present invention in both its method 5 phy comprising (1) extracting a color component of ah 
and system aspects. Relatively short exposure times and input image; (2) dividing the color component into a 
different spatial resolutions are possible. Spatial resolu- plurality of separate interlaced fields; (3) determining 
tion can be exchanged for color resolution and vice number of memory fields per input field in accordance 
versa. Flexible control of the film recorder can be ef- with vertical resolution and color resolution of the im- 
fected. Raster lines visible hi the image are minimized. 10 ages; (4) dividing each input field into the determined 
The video signal is controlled directly firom the PXA, number of memory fields, mapping any pixel with a 
rather than from the computer display, allowing the level between 1 and N— 1 in liie first memory field 
film printer to be driven at a standard freqiiency of whUe mapping all other pixels to 0, N being the number 
15.75 kilohertz regardless of the computer graphics of distinct color levels expressible per pixel, and map- 
controller. The computer is free to perform other tasks 15 ping any pixel with a level between N and 2*(n— 1) to 
during portions of the system operation. the level — N+ 1 in a second memory field while map- 

The foregoing description of preferred embodiments ping all other pixels to 0; (5) turning a filter wheel in a 
and accompanying illustrations have been set out by firm printer, (6) setting each level of an exposure map- 
way of example, not by way of limitation. Numerous ping table respectively to ofT or on; (7) tummg on a 
other embodiments and many variants are possible 20 cathode ray tube in a film printer; (8) setting variable 
without departing from the spirit and scope of the in- current filed to 1; (9) settmg variable current color level 
vention, its scope bemg defined in the appended clauns. to N — 1; (10) usmg entry of a lookup table (FIG. 7) to 

What is claimed is: determine number of exposure frames for all pixels with 

1. An improvement in a system for computer graphic the current color level in each current field memory 
photography, the improvement comprismg means in- 25 corresponding to each separate interlaced field of color 
eluding an exposure mapping table at each address con- component; (11) waiting for a video signal vertical syn- 
taining on or off display information data for a plurality chronization blanking period; (12) updating the expo- 
of adjacent multiple display pixels, and a display mem- sure mapping table respectively to display or turn off 
ory containing indices into said exposure mapping table, pixels with the current color level; (13) displaying mem- 
said exposure mapping table being coupled to said dis- 30 ory current field corresponding to each input field for 
play memory and responsive to said indices for output- one frame in an interiaced manner; (14) repeating step 
ting said on or off display information. (13) until each field has been exposed for the determined 

2. The system according to claim 1, wherein said data number of exposure frames; (15) respectively decre- 
for said plurality of adjacent display pixels contains up menting or incrementing the current color level in ac- 
to four on or off values. 35 cordance with the setting of step {€); (16) repeating 

3i A method of colored computer graphic photogra- steps (11)-(1S) until the current color level reaches 
phy comprising (a) extracting a color component of an respectively the lowest or highest color level; (17) in- 
input unagc into at least one filed, (b) transforming the crementing the current field; (18) repeating steps 
field into a format and storing the formatted field in a (10)^17) until the current field equals the detenmned 
memory, (c) turning a filter wheel of a fUm printer, (d) 40 number of memory fields plus one; (19) turning off the 
setting each level of an exposure mapping table respec- cathode ray tube of the film printer; and (20) repeating 
tively to off or on in accordance with vertical resolution steps (1)— (19) for each primary color, 
and color resolution of the image, (e) turning on a cath- 6. A method of colored computer graphic photogra- 
ode ray tube m the film printer, (f) setting variable cur- phy comprismg (a) extracting a color component of an 
rent color level respectively to the highest or lowest 45 input image into at least one field; (b) determining num- 
color level of the extracted color component, (g) deter- ber of memory fields per unit field; (c) dividing the 
mining number of exposure frames for all pixeb in all input field into the determined number of memory fields 
fields of the current color level from a lookup table in accordance with vertical resolution and color resolu- 
(FIG. 7) (h) waiting for a video signal vertical synchro- tion of the image, mapping any pixel with a level be- 
nization blanking period, (i) updating the exposure map- SO tween 1 and N — 1 in tiie first memory field while map- 
ping table respectively to display or turn off pixels of ping all other pixels to 0, N being the number of distinct 
the current color level, (j) displaying the field of the color levels expressible per pixel in memory, and map- 
image for at least one frame, (k) respectively decre- ping any pixel with a level between N and 2*(N— 1) to 
menting or incrementing the current color level in ac- the level — N-f-l in a second memory field while map- 
cordance with the setting of step (f), (1) repeating steps 55 pmg all other pixels to 0; (d) turning a filter wheel in a 
(gXk) until the current color level reaches respectively film printer, (e) setting each level of an exposure map- 
the lowest or highest color level, (m) turning off the ping table respectively to off or on; (0 turning on a 
cathode ray tube of the film printer, and (n) repeating cathode ray tube in the film printer; (g) setting variable 
steps (a)-(m) for each other primary color. current field to 1; (h) setting the variable current color 

4. A method of colored computer graphic photogra- 60 level to N — 1; (i) using entry of a lookup table (FIG. 7) 

phy which allows tradeoff t>etween color resolution and to determine the number of exposure frames for all 

horizontal resolution, comprising the steps of (a) ex- pixels with the current color level in each current field 

tracting a color component of an input image into at memory corresponding to the field of color component; 

least one field, (b) transforming the field into a format . (j) waiting for a video signal vertical synchronization 

and storing the formatted field in a memory, (c) setting 65 blanking period; (k) updating the exposure moping 

each level of an exposure mapping table respectively to table respectively to display or turn off pixels with 

off or on in accordance with vertical resolution and current color level; (I) displaying memory current field 

color resolution of the image, (d) updating the exposure corresponding to the input field for one frame; (m) 
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repeating step (1) until the field has been e3q)0sed for the color level in accordance with the setting of step (7), 

determined number of exposure frames; (n) respectively (14) repeating steps (8>-(13) until the current color level 

decrementing or incrementing the current color level in reaches respectively the lowest or highest color level, 

accordance with the setting of step (e); (o) repeating (15) turning off the cathode ray tube of the fihn printer, 

steps OHn) until the current color level reaches respec- 5 and (16) repeating steps (1H15) for each other primary 

tively the lowest or. highest color level; (p) increment- color. 

ing the current field; (q) repeating steps (i)-(p) until the 9. A method of colored computer graphic photogra-: 

current field equals Uie predetermined memory fields phy comprising (1) extracting a color component of the 

plus one; (r) turning off the cathode ray tube in the film mput image; (2) dividing the extracted color component 

printer and (s) repeatmg steps (a)-(0 each primary 10 into separate interlaced fields, the number of separate 

color. interlaced fields depending on the vertical resolution of 

7. A method of colored computer graphic photogra- the input image; (3) using an exposure time lookup table 
phy comprising (a) extracting a color component of an (FIG. 7) to translate each pixel in each field from color 
input image; (b) determining number of memory fields levels to exposure tics; (4) determining number of mem- 
per unit field; (c) dividing each input field into the deter- IS ory fields per unit field by letting N equal number of bits 
mined number of memory fields in accordance with needed to express maxiihnm exposure time, letting M 
vertical resolution and color resolution of the image, equal the number of bits per pixel in memory and letting 
mapping any pixel with a level in one range in a first F equal N/M and if N/M is not an integer, rounding the 
memory field of the predetermined number of memory number of fields up to the nest largest number; (5) divid- 
fields while mapping all other pixels to 0 and mapping in 20 ing each input field into the determined number of 
respective others of the predetermined memory fields* memory fields, the first memory field corresponding to 
any pixel with respective other ranges while mapping an input field and containing the lowest M bits in each 
all other pixels to 0; (d) turning a filter wheel in a firm pixel exposure time, the second memory field contain- 
printen (e) setting each level of an exposure mapping ing the next M bits of each pixel exposure time and so on 
table to ofT; (0 turning on a cathode ray tube in the film 25 to the highest memory field number, (6) turning a filter 
printer; (g) respectively setting variable current field to wheel in a film printer; (7) setting each level of an expo- 
1 or the number of predetermined memory fields; (h) sure mapping table respectively to off or on; (8) turning 
setting variable current color level to N— 1; (0 using on a cathode ray tube in the film printer, (9) setting the 
entry of a lookup table (FIG. 7) to determine the num- variable current field to 1; (10) setting the variable num- 
ber of exposure frames for all pixels with the current 30 ber of exposure hdmss to 2**(curreat field— 1) where 
color level in each current field memory corresponding ** indicates exponentiatibi^ (11) setting the variable 
to the field of color component; 0) waiting for a video current color level to (2**M)— 1; (12) waiting for a 
signal vertical synchronization blanking period; (k) video signal vertical synchronization blanking period; 
updating the exposure mapping table to display pixels (13) updating the exposure mapping table respectively 
with the current color level; (e) displaying memory 35 to display or turn off pixels of current color level; (14) 
current field corresponding to the input field for one disjplaying the memory current field corresponding to 
frame; (m) repeating step (1) until the field has been each input field for one frame in an interlaced manner; 
exposed for the determined number of exposure frames; (15) repeating step (14) until each field has been exposed 
(n) decrementing the current color level; (o) repeating for the set number of exposure firames; (16) respectively 
steps (j)-(») until the current color level equals 0; (p) 40 decrementmg or incrementing the current color level in 
respectively incrementing or decrementing the current accordance with the setting of step (7); (17) repeating 
field; (q) repeating steps (0-(p) until the current field steps (12)-(16) until the current color level reaches 
respectively equals one more than the predetermined respectively the lowest or highest color level; (18) in- 
memory fields or zero; (r) turning off the cathode ray crementing the current field; (19) repeating steps 
tube m the film printer; and (s) repeating steps (a)-(r) for 45 (10)-(18) until the current field equals F plus 1; (20) 
each primary color. turning off the cathode ray tube in the film printer; and 

8. A method of colored computer graphic photogra- (21) repeating steps (l)-(20) for each primary color, 
phy comprising (1) extracting a color component of an 10. A method of colored computer graphic photogra- 
input image, (2) dividing the color component into a phy comprising (a) extracting a color component of the 
plurality of separate interlaced fields in accordance 30 input image into at least one field; (b) using an exposure 
with vertical resolution and color resolution of the im- time lookup table (FIG. 7) to translate each pixel in the 
age, (3) transforming each field into a format and stor- field from color levels to exposure times; (c) determin- 
ing the formatted fields in a memory^ (4) turning a filter ing number of memory fields per unit field by letting N 
wheel of a film printer, (5) setting each level of an expo- equal number of bits needed to express maximum expo- 
sure mapping table respectively to off or on, (6) turning 55 sure time, letting M equal number of bits per pixel in 
on a cathode ray tube in the film printer, (J) setting memory and letting F equal N/M and if N/M is not an 
variable current color level respectively to the highest integer, rounding the number of fields up to next largest 
or lowest color level of the extracted color component, number, (d) dividing the input field into a predeter- 
(8) determining number of exposure frames for aU pixels mined number of meniory fidds, the first memory field 
in all fields of the current color level from a lookup 60 corresponding to an input field containing the lowest M 
table (FIG. 7), (9) waiting for a video signal vertical bits in each pixel exposure time, the second memory 
synchronization blanking period, (10) updating the ex- field containing the next M bits of each pixel exposure 
posure mapping table respectively to display or turn off time and so on to highest memory field number; (e) 
pixels of the current color level, (11). displaying each turning a filter wheel in a film printen (0 setting each 
field of the image for one frame in an interlaced manner, 63 level.of an exposure mapping table respectively to off or 
(12) repeating step (1 1) until each field has been exposed . on; (g) turning on a cathode ray tube in the film printer; 
for the determined number of exposure frames, (13) (h) setting the variable current field to 1; (i) setting the 
respectively decrementing or incrementing the current variable number of exposures frames to 2** (current 



08/06/2002, EAST Version: 1.03.0002 



4,855,940 

23 24 

field -1) where ** indicates exponentiation; (j) setting ing each of the image for one frame m an interlaced 

the variable current color level to (2**M)- 1; Qs) wait- manner, (k) repeating step Q) until each field has been 

ing for a video fflgnal vertical synchronization blanking exposed for the determined number of exposure frames, 

period; (1) updating the exposure moping table re^ec- 0) respectively decrOTenting or incrementing the cur- 

tively to display or turn off pixels of the current color 5 rent level in accordance with the setting of step (Oi (m) 

level; (m) displaying memory current field corr^pond- repeating steps (g)-0) the current level reaches 

ing to the input level for one frame; (h) repeating step respectively the lowest or highest level, and (n) turning 

(m) until the field has been exposed the set number of off the cathode ray tube Of the film printer, 

exposure frames (p) respectively decrementing or in- 13. A method of computer graphic photography 
crementing the current color level; (p) repeating steps 10 comprising (a) providing at least one field correspond- 

(k)-{o) current color level reaches respectively ing to a component of an input image (b) transforming 

the lowest ot highest color level; (q) incr^nenting the the field into a format and storing the formatted field in 

current field; (r) repeiating steps OHq) t^c current a memory, (c) setting each level of an exposure mapping 

field equals F plus 1; (s) turning off the cathode ray tube table respectively to off or on in accordance with verti- 
in the film printer; and (t) repeating steps (a)-(s) for 15 cal resolution and shading resolution of the image, (d) 

each primary color. turning on a cathode ray tube in the film printer, (e) 

11. A method of colored computer graphic photogra- setting variable current level respectively to the highest 
phy which achieves high resolution, comprising the or lowest, level of the providied component, (0 deter- 
steps of (a) extracting a color component of the input mining number of exposure frames for all pixdg in all 
image into at least one field; (b) using an exposure time 20 fields of the current level from a lookup table (FIG. 7), 
lookup table (FIG. 7) to translate each pixel in the field (g) waiting for a video dgnal vertical synchronization 
from color levels to exposure times; (c) determimng blankhig period, (h) updating the exposure mapping 
number of memory fields per unit field by letting N table respectively to display or turn off pbcels of the 
equal number of bits needed to express maxhnum expo- current level, (i) displaying the field of the image for at 
sure time, letting M equal the number of bits per pixel in 23 least one frame, (j) respectively decrementing or incre- 
memory and letting F equal N/M and if N/M is not £di menting the current level in accordance with the setting 
integer, rounding the number of fields up to the next of step (e), (k) repeating steps (fKi) ^til the current 
largest number (d) dividing the input field into a prede- level reaches respectively the lowest or highest color 
tennined numtor of memory fields, the first memory levels, and (1) turning off the cathode ray tube of the 
field corresponding to an input field containing the 30 film printer. 

lowest M bits in each pixel exposure time, the second 14. A method of computer graphic photography 
memory field containing the next M bits of each pixel which allows tradeoff between shading resolution and 
exposure time and so on to the highest memory field horizontal resolution, comprising the steps of (a) ex- 
number; (e) setting each level of an exposure mapping tracting a component of an input image into at least one 
table respectively to off or on; (f) setting the variable 35 field, (b) transforming the field into a format and storing 
current field to 1; (g) setting the variable number of the formatted field in a memory, (c) setting each level of 
exposure frames to 2»»(Curfield— 1) where ** indicates an exposure mapping table respectively to off or on in 
exponentiation;' (h) setting the variable current color accordance with vertical resolution and shading resolu- 
level to (2**M)— 1; (i) waiting for a video signal verti- tion of the image, and (d) updating the exposure map- 
cal synchronization blanking period; Q) updating the 40 ping table respectively to display or turn off pixels of 
exposure mapping table respectively to display or turn the current shading level. 

off pixels of the current color level; (k) displaying mem- 15. A method of computer graphic photography 

ory current field corresponding to the input field for comprising (a) providing a component of an input im- 

one frame; (1) repeating step (m) until the field has been age; (b) dividing the component into a plurality of sepa- 

exposed the set number of exposure fhunes; (n) respec- 45 rate interlaced fields; (c) determining number of mem- 

tively decrementing or incrementing the current color ory fields per unit field in accordance with vertical 

level in accordance with the setting of step (e); (o) re- resolution and shading resolution of the image; (d) di- 

peating steps (l)^n) until the current color level reaches viding each input field into the determined nmnber of 

respectively tiie lowest or highest color level; (p) incre- memory fields, mapping any pixel with a level between 

menting the current field; (q) repeating steps (gMp) 50 1 and N— 1 to a value in the first memory field while 

until the current field equals F plus 1; and (r) repeating mapping all other pixels to 0, N being the number of 

steps (a)-(<]) each primary color. distinct shading levels expressible per pixel, and map- 

12. A method of computer graphic photography ping any pixel with a level between N and 2*(N— 1) to 
comprising (a) providing a component of an input im- the level — N + 1 in a second memory field while map- 
age, (b) dividing the component into a plurality of sepa- SS ping all other pixels to 0; (e) setting each level of an 
rate interlaced fields in accordance witii vertic»Eil resolu- exposure mapping table respectively to off or on; (f) 
tion and shading resolution of the image, (c) transform- turning on a cathode ray tube in a fUm printer; (g) set- 
ing each field into a format and storing the formatted ting variable current field to 1; (h) setting variable cur- 
fields in a memory, (d) setting each level of an exposure rent level to N— 1; (1) using entry of a lockup table 
moping table respectively to off or on, (e) turning on a 60 (FIG. 7) to determine the number of exposure frames 
cathode ray tube in the film printer, (f) setting variable for all pixels with the current level in each current field 
current level respectively to the highest or lowest level memory corresponding to each separate interlaced field 
of the provided component, (g) determining number of of component; (j) waiting for a video signal vertical 
exposure frames for all pixels in all fields of the current synchronization blanking period; (k) updating the expo- 
level from a lookup table (FIQ. 7), (h) waiting for a 65 sure mapping table respectively to display or turn off 
video signal vertical synchronization blanking period, pixels with the current level; (I) displaying the memory 
(k) updating the exposure mapping table respectively to current field corresponding to each input field for one 
display or turn off pixels of the current level, (j) display- frame in an interlaced manner; (m) repeating step (1) 
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until each field has been exposed for the determined peating step (k) \mtil the field has been exposed for the 
numberofexposiirefirame8;(n) respectively decrement- determined number , of exposure fram^; (m) respec- 
tng or incrementing the current level in accordance dvely decrementing or incrementing the current level; 
with the setting of step (e); (o) repeating steps (jM^) (°) repeating steps (i)-(°i) current level respec- 

until the current level reaches respectively the lowest 3 tively reaches the highest or lowest level; (o) incre- 
or highest level; (p) incrementing current field; (q) re- menting the current field; (p) repeating steps (h)-(o) 
peating steps .(i)-0>) Q°til the current field equals the until the current field respectivley equals one more than 
determined number of memory fields phis one; and (r) the predetermined memory fields or zero; and (q) turn- ■ 
turning off the cathode ray tube of the film printer. ing off the cathode ray tube in the film printer. 

16. A method of computer graphic photography 10 . 18. A method of computer graphic photography 
comprising (a) providing a component of an input comprising (a) providing a component of the input 
image into at least one field; (b) determining number of imag^ (b) dividing the provided component into sepa- 
memory fields per ii^>ut field; (c) dividing the input rate interlaced fields, the number of separate interlaced 
field into the determined number of memory fields in fidds depending on the vertical resolution of the input 
accordance with vertical resolution and shading resolu- 15 image; (c) using an exposure time lookup table (FIG. 7) 
tion of the image, nu^ping any pixel Mrith a level bo- to translate each pixel in each field &om levels to expo- 
tween 1 and N— 1 to a value in die first memory field sure time^ (d) determining number of memory fields 
while mapping all other pixels to 0, and mapping any per input field by letting N equal number of bits needed 
pixel with a level between N and 2*(N—1} to the levd to express maximum exposure time, letting M equal 
— N-hl in a second memory field while mapping all 20 number of bits per pixel in memory and letting F equal 
other pixels to 0. N being the number of distinct shading N/M and if N/M is not an integer, rounding the number 
levels expressible per pixel in memory; (d) setting each of fields up to next largest mmiber; (e) dividing each 
level of an exposure mapping table respectively to off or mput field into the determined number of memory 
on; (e) turning on a cathode ray tube in the film printer; fields, the first memory field corresponding to an mput 
(f) setting variable current field to 1; (g) settmg variable 25 field and contaming the lowest M bits in each pixel 
current level to N~ 1; (h) using entry of a lookup table exposure time, the second memory field containing the 
(FIG. 7) to determine number of exposure frames for all next M bits of each pixel exposure time and so on to the 
pixels with the current level in each current field mem- highest memory field number; (f) setting each level of 
ory corresponding to the field of component; (i) waiting an exposure mapping table respectively to off or on; (g) 
for a video sigmil vertical synchronization blanking 30 turning on a catiiode ray tube in the film printer; (h) 
period; (j) updating the exposure mapping table respec- setting the variable current field to 1; (i) setting variable . 
tively to display or turn off pixels with current level; (k) number of exposure frames to 2**(current field — 1) 
displaying tiie memory current field corresponding to where ** indicates exponentiation; (j) setting variable 
the input field for one frame; (1) repeating step (k) until current level to (2**M)— 1; (k) waiting for a video sig- 
the field has been exposed for the determined number of 35 nal vertical synchronization blanking period; (1) updat- 
the exposure frames; (m) respectively decrementing or ing the exposure mapping table respectively to display 
incrementing the current level in accordance with the or turn off pixels of die current level; (m) displaying the 
setting of step~(0; i^) repeating steps (i)-(m) until the memory current field corresponding to each input field 
current level reaches respectively the lowest or highest for one frame in an interlaced manner; (n) repeating step 
level; (o) incrementing the current field; (p) repeating 40 (m) until each field has been exposed for the set number 
steps (hMo) until the current field equals the predeter- of exposure frames; (o) respectively decrementing or 
mined memory fields plus one; and (q) turning off the incrementing the current level; (p) repeating steps 
cathode ray tube in the film printer. O^Mo) mitil the current level reaches the highest or 

17. A method of computer graphic photography lowest level; (q) incrementing the current field; (r) re- 
comprising (a) providing a component of an input im- 45 peating steps OM^) current field equals F plus 
ag^ (b) determinmg number of memory fields per input 1; and (s) turning off the cathode ray tube in the film 
field; (c) dividing each input field into the determined printer. 

number of memory fields in accordance with vertical 19. A method of computer graphic photography 
resolution and shading resolution of the image, mapping comprising (a) providing at least one field correspond- 
any pixel with a level in one range in a first memory 50 ing to a component of an input image; (b) using an expo- 
field of the predetermined number of memory fields sure time lookup table (FIG. 7) to translate each pixel in 
while mapping all other pixels to 0 and mapping in the field from levels to exposure times; (c) determining 
respective others of the predetermined memory fields, number of memory fields per input field by letting N 
any pixel with respective other ranges while mapping equal number of bits needed to express maximum expo- 
all other pixels to 0; (d) setting each level of an exposure 55 sure time, letting M equal number of bits per pixel in 
mapping table respectively to off or on; (e) turning on a memory and letting F equal N/M and if N/M is not an 
cathode ray tube in the film printer, (0 respectively integer, rounding number of fields up to next largest 
setting variable current field to 1 or the number of pre- number; (d) dividing the input field into a predeter- 
determined memory fields; (g) setting the variable cur- mined number of memory fields, the first memory field 
rent level to N— 1; (h) using entry of a lookup table 60 corresponding to an input field contaming the lowest M 
(FIG. 7) to determine the number of exposure frames bits in each pixel exposure time^ the second memory 
for all pixels with the current level in each current field field containing the next M bits of each pixel exposure 
memory corresponding to the field of component; Q time an so on to highest memory field number; (e) set- 
waiting for. a video signal : vertical synchronization ting .each level of an exposure mapping table respec- 
blanking period; (j) updating the exposure mapping 65 tively to off or on; (f) turning on a cathode ray tube in 
table respectively to display or turn off pixels witii the the film printer; (g) setting variable current field to 1; 
current level; (k) displaying the memory current field (h) setting variable number of. exposure firames to 
corresponding to the input field for one frame; (1) re- 2**(current field— 1) where *• indicates exponentia- 
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tion; (i) setting variable current kvel to (2**M)-1; (j) means arid to the controller means and responsive 

waiting for a video signal vertical synchronization thereto for selecting source of addressing lines to the 

blanking period; (k) updating the exposure mapping random access memory means; a memory device for 

table respectively to display or turn off pixels of current providing an exposure mapping table containing display 

level; (1) displaying memory current field correspond- 5 information for multiple dfeplay pixeb; eaqjosure map- 

ing to the input field for one frame; (m) repeating step ping table address multiplex means coupled to data 

(1) until the field has been exposed the set number of output means of the random access memory means and 

exposure frames; (n) respectively decrementing or in- to the internal address bus for selecting address lines 

crementing current level; (o) repeating steps (jH^) from the internal bus whenever the central processing 

until current level reaches the highest or lowest level; 10 unit is r^ing or writing the memory device and ad- 

(p) incrementing current field; (q) repeating steps dress lines from the data output of the random access 

(hHp) until current field equals F plus 1; and (r) turning memory means whenever an image is being displayed 

off the cathode ray tube in the ifilm printer. on the cathode ray tube; buffer means coi^)led between 

20. A method of computer graphic photography the data ou^ut means of the random access memory 
which achieves high resolution, comprising the steps of IS means and the internal data bus for enabling output 
(a) providing at least one field corresponding to a com- from the random access memory means to be placed on 
ponent of an input image; (b) using an exposure time the internal data bus whenever the central processing 
lookup table (FIO. 7) to translate each pixel in the field unit reads data from the random access memory means; 
&om levels to exposure times; (c) determining number bidirectional buffer means coupled between the mem- 
of memory fields per input field by letting N equal num- 20 ory device and the internal data bus for enabling loca- 
ber of bits needed to express maxitftimi exposure time, tions in the memory device to be set or read by the 
letting M equal number of bits per pixel in memory and central processing unit whenever the central processing 
letting F equal N/M and if N/M is not an integer, unit writes or reads the memory device; shift register 
roundingnumberof fields up to next largest number; (d) means coupled to and responsive to output from the 
dividing the input field into a predetermined number of 2S memory device for serializing data therefrom to gener- 
memory fields, the first memory field corresponding to ate video data when ever an image is being displayed on 
an input field containing the lowest M bits in each pixel the cathode ray tub^ vertical and horizontal synchroni- 
exposure time, the second memory field containing the zation delay means coupled to the internal data bus and 
next M bits of each pixel exposure tiine and so on to the to the controller means and responsive to signals there- 
highest memory field number; (e) setting each level of 30 from the delaying the vertical and horizontal synchroni- 
an exposure mapping table respectively to off or on; (f) zation signals by a programmed amount of time to pro- 
settmg variable current field to 1; (g) setting variable vide fine control over vertical and horizontal position 
number of e]q>osure frames to 2**(Curfield— 1) where of the image on the cathode ray tub^ video circuit 

indicates exponentiation; (h) setting the variable means coupled to the controller,- to the vertical and 
current level to (2**M)* 1; (i) waiting for a video signal 35 horizontal synchronization delay means and to the shift 
vertical synchronization blanking period; (j) updating register means and responsive to signals therefrom for 
the exposure mapping table respectively to display or supplying, video and synchronization signals to the film 
turn off pixels-of the current level; (k) displaying the printer. 

memory current field corresponding to the input field 22. The system according to claim 21, wherein said 
for one frame; (1) repeating step (m) until the field has 40 interface means includes means for decoding read and 
been exposed the set number of exposure frames (n) write requests from the central processing umt 
respectively decrementing or incrementing the current 23. The system according to claim 22, wherein said 
level; (o) repeating steps (i)-(n) until the current level memory device coinprises a 256 location by four bit 
reaches the highest or lowest level; (p) incrementing memory device. 

current field; and (q) repeating steps (g)-(p) until the 45 24. The system according to claim 23, wherein said 
current field equals F plus 1. random access memory means comprises a random 

21. A system for computer graphic photography access memory array. 

comprising a film printer having a cathode ray tube and 25. The system according to claim 24, wherein said 
a computer having a central processing unit, mtercon- random access memory array is a 256 kilobyte memory, 
necting circuitry comprising internal data and internal 50 26. The system according to claim 24, wherein said 
address buses; the system further including interface random access memory array is a one megabyte mem- 
means for providing buffering between a system bus ory. 

from the central processing unit and the internal data 27. The system according to claim 21, wherein said 
and address buses; register means including latch means memory device comprises a 256 location by four bit 
coupled to the internal data bus and responsive to data 55 memory device. 

thereon which can be set under program control by the 28. The system according to claim 27, wherein said 
central processing unit for supplying output to first random access memory means comprises a random 
address lines; controller means coupled to the internal access memory array. 

address bus and responsive to signals thereon for devel- 29. The system according to claim 28, wherein said 
oping vertical synchronization signals, horizontal syn- 60 access memory array is a 256 Idlobyte memory, 
chronization signals and output to second address lines 30. The system according to claim 28, wherein said 
when an image is to be displayed on the cathode ray random access memory array is a one megabyte mem- 
tube for printing random access memory means cou- ory. 

pled to the internal data bus for receiving pixel data of 31. The system according to claim 21, wherein said 
an image from the central processing unit via the inter- 65 random access memory means comprises a random 
face means, the random access memory means includ- access memory array. 

ing address receiving input means; multiplex means 32. The system according to claim 31, wherein said 
coupled to the internal address bus, to the register random access memory array is a 256 kilobyte memory. 
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33. The system according to claim 31, wherein said 
random access memory array is a one megabyte mem- 
ory. 

34. A system for computer graphic photography 
which comprises a computer having a central process- 
ing unit, circuitry including internal data and internal 
address buses; interface means for providing buffering 
between a system bus from the central processing unit 
and the internal data and address buses; register means 
including latch means coupled to the internal data bus 
and responsive to data thereon which can be set under 
program control by the central processing unit for sup- 
plying output to first address lines; controller means 
coupled to the internal address bus and responsive to 
signals thereon for developing synchronization signals 
and output to second address lines when an image is to 
be displayed for printing; random access memory means 
coupled to the internal data bus for receiving pixel data 
of an image from the central processing unit via the 
interface means, the random access memory means 
including address receiving input means; multiplex 
means coupled to the internal address bus, to the regis- 
ter means and to the controller means and responsive to 
addresses therefrom for selecting source of addressing 
lines to the random access memory means; a memory 
device for providing an exposure mapping table con- 
taining display information for multiple display pixels; 
exposure mapping table address multiplex means cou- 
pled to data output means of the random access memory 
means and to the internal address bus for selecting ad- 
dress lines from the internal bus whenever the central 
processing unit is reading or writing the memory device 
and address lines from the data output of the random 
access memory means whenever an image is to be dis- 
played; buffer means coupled between the data output 
means of the random access memory means and the 
internal data bus for enabling output from the random 
access memory means to be placed on the mtemal data 



42. The system according to claim 40, wherein said 
random access memory array is a one megabyte mem- 
ory. 

43. The system according to claim 34, wherein said 
S random access, memory means comprises a random 

access memory array. 

44. The system according to claim 43, wherein said 
random access memory array is a 256 kilobyte memory. 

45. The system according to claim 43, wherein said 
10 random access memory, array is a one megabyte mem- 
ory. 

46. The signal processing circuit comprising data and 
address buses; interface means for providing buffering 
between a source and the data and address buses; regis- 

15 ter means including latch means coupled to the data bus 
and responsive to data thereon which can be set under 
program control for supplying output to furst address 
lines; controller means coupled to the address bus and 
responsive to signals thereon for developing vertical 
20 synchronization signals and output to second address 
Ihies when an image is to be displayed for printing; 
random access memory means coupled to the data bus 
for receiving pixel data of an image via the interface 
means, the random access memory means including 
25 address receiving input mean^ multiplex means coupled 
to the address bus, to the register means and to the 
controller means and responsive thereto for selecting 
source of addressing lines to the random access memory 
means; a memory device for providing an exposure 
30 mapping table containing display information for multi- 
ple display pixels; exposure mapping table address mul- 
tiplex means coupled to data output means of the ran- 
dom access memory means and to the address bus for 
selecting address lines from the bus whenever reading 
3S or writing of the memory device occurs and address 
lines from the data output of the random access memory 
means whenever an unage is to be displayed; buffer 
means coupled between the data output means of the 
random access memory and the data bus for enabling 



bus whenever the central processing unit reads data 40 ^^^^^^ from the random access memory means to be 
from the random access memory means; bidirectional 
bu£fer means coupled between the memory device and 
the internal data bus for enabling locations in the mem- 
ory device to be set or read by the central processing 
unit whenever the central processing unit writes or 45 
reads the memory device; and shift register means cou- 
pled to and responsive to output from the memory 
device for serializing data therefrom the generate video 
data whenever an image is to be displayed for printing. 

35. The system according to claim 34, wherem said so 
memory device comprises a 256 location by four bit 
memory device. 

36. The system according to claim 35, wherein said 
random access memory means comprises a random 
access memory array. 55 

37. The system according to claim 36, wherein said 
random access memory array is a 256 kilobyte memory. 

38. The system according to claim 36, wherein said 
random access memory array is a one megabyte mem- 
ory, 60 

39. The system according to claim 34, wherein said 
memory device comprises a 256 location by four bit 
memory device. 

40. The system according to claim 39, wherein said 
random access memory means comprises a random 65 
access memory array. 

41. The system according to claim 40, wherein said 
access memory array is a 256 kilobyte memory. 



placed on the data bus whenever data from the random 
access memory means is read; bidirectional buffer 
means coupled between the memory device and the 
data bus for enabling locations in the memory device to 
be set or read; shift register means coupled to and re- 
sponsive to output from the memory device for serializ- 
ing data therefrom to generate video data whenever an 
image is to be displayed for printing; vertical and hori- 
zontal synchronization delay means coupled to the data 
bus and to the controller means and responsive to sig- 
nals therefrom the delaying the vertical and horizontal 
synchronization signals by a progranuned amount of 
time to provide fme control over vertical position of the 
unage; and video circuit means coupled to the control- 
ler, to the vertical and horizontal synchronization delay 
means and to the shift register means and responsive to 
signals therefrom for supplying output video and syn- 
chronization signals. 

47. A signal processing circuit comprising data and 
address buses; interface means for providing buffering 
between a source and the data and address buses; regis- 
ter means including latch means coupled to the data bus 
and responsive to data thereon which can be set for 
supplying output to first address lines; controller means 
coupled to the address bus and responsive to signals 
thereon for developing synchronization signals and 
output to second address lines when an image is to be 
displayed for printing; random access memory means 
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coupled to the data bus for receiving pixel data of an ory means coupled to said means for providing to re- 
image via the interface means, the random access mem- cdve the pixel data of an image therefrom for providing 
ory means including address receiving inpiit means; data output, address multiplexing means coupled to said 
multiplex means coupled to the address bus, to the regis- random access memory means to receive the data cut- 
ter means and to the controller means and responsive to 5 put therefrom and coupled to said address bus to re- 
addresses therefrom for selecting source of addressing ceive address signals, and a memory device coupled to 
lines to the random access memory meaii; a memory said address multiplexing means for providing an expo- 
device for providing an exposure mapping table con- sure mapping table containing at each memory location 
taining display information for multiple display pixels; display information for multiple display pixels, said 
exposure nu^ping table address multiplex means cou- 10 multiplexing means selecting address lines from the 
pled to data output means of the random acc^ memory address bus M^henever the memory device is being read 
means and to the address bus for selecting address lines or written and from the random access memory means 
from the bus whenever reading or writing the memory whenever an image is to be printed, 
device occurs and address lines from the data output of 49. The system according to claim 48, wherein said 
therandomaccessmemory means whenever an image is 15 memory device comprises a 256 location by four bit 
to be displayed for printing; buffer means coupled be- memory device. 

tween the data output means of the random access 50. The system according to claim 49, wherein said 
memory and the data bus for enabling output from the random access memory means comprises a random 
random access memory means to be placed on the data access memory array. 

bus whenever data from the random access memory 20' 51. The system according to claim 50, wherein said 
means is read; bidirectional buffer means coupled be- random access memory array is a 256 kilobyte memory, 
tween the memory device and the data bus for enabling 52. The system according to claim 50, wherein said 
locations in the memory device to be set or read; shift random access memory array is a. one megabyte mem- 
register means coupled to and responsive to outpu£ ory. 

from the memory device for serializing data therefrom 25 53. The system according to claim 48, wherein said 
to generate video data whenever an image is to be dis- random access, memory means comprises a random 
played; and video circuit means operatively arranged to access memory array. 

respond to the synchronization signals and the video 54. The system according to claim 53, wherein said 
data for supplying output video and synchronization access memory array is a 256 kilobyte memory, 
signals. 30 55. The system according to claini 53, wherein said 

48. A system for computer graphic photography random access memory array is a one megabyte mem- 
comprising a film printer, an address bus and means for ory. 

providing pixel data of an image, random access mem- * * * « * 
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